The iliac intercrestal line or Jacoby's line is often used clinically as a standard line in treatments such as subarachnoid puncture. In Jacoby's original work, subarachnoid puncture was said to be possible from the point of intersection of Jacoby's line via the center of L4 vertebral body with the vertical line connected to the spinous process tip1,2).
However, descriptions of the position of Jacoby's line in anesthesiological, neurosurgical, neurological, and technical instruction books do not always agree. In the ''Masuikagaku Zensho'', which is widely used in the anesthesiological field in Japan, Jacoby's line is said to be positioned on L4 vertebral spinous process or between L4-5 spinous pro-cesses3). Yokoyama (2000) described in her book that Jacoby's line is positioned on L4 vertebral spi-nous process4). In the neurosurgical field, Moriyasu described in his book that Jacoby's line is positioned between L4 and L5 vertebral body5). In these descriptions, the position of Jacoby's line is indicated in relation to the vertebral body or the spinous process, and the part of the spine related to Jacoby's line is not always clearly described. There have been only a few anatomical studies in this field4,6 -9). We previously evaluated the position of Jacoby's line using 60 cadavers in an anatomical practice course9). The results were: (1) Jacoby's line positioned from the upper brim of L4 vertebral body to the lower brim of L5 vertebral body was observed in 75% of the cadavers, and it was positioned above the lower brim of L3 vertebral body in 2.1% of the cadavers, (2) the percentage of ca-davers with the medullary cone located below L3 vertebra was 3.5%, and (3) the percentage of cadavers with the dural bottom located below the upper brim of the S3 vertebra was 3.6%9). However, the establishment of Jacoby's line in procumbent cadavers may not indicate the clinically established Jacoby's line, which is investigated in the flexion position of the lumbar spine. In the present study, we examined the heights of the vertebral body and spinous process on which Jacoby's line was positioned, in the anteroflexion (flexion), retroflexion (extension), and neutral positions of the lumbar spine, using radiographs of the lumbar vertebrae of 100 patients.
Subjects and Methods
The subjects were 100 patients in whom deformation of the lumbar spine was not severe. The group consisted of 52 males and 48 females, with a mean age of 48.3 years. Radiographs of their lumbar spine were studied after radiography was performed by a standardized method shown in Fig. 1 .
To investigate Jacoby's line, the bilateral iliac crest peaks were confirmed using lateral images of the lumbar spine, and a line connecting the peaks was established. The heights of the posterior brim of the vertebral body and spinous process on which the line was positioned were investigated in the flexion, extension, and neutral positions of the lumbar spine. The observed heights were said to fall in the upper, middle, or lower regions, obtained by dividing the widths of the spinous process and vertebral body into 3 parts, or in the intervertebral region.
Results
Observation of Jacoby's line at a height of the spinous process Neutral position Observation of Jacoby's line in the neutral position was possible in 52 males and 48 females. The percentage of males with Jacoby's line positioned in L4 spinous process middle 1/3 region was highest (32.7%), followed by 25% in L4-5 interspinous region and 17.3% in L4 spinous process lower 1/3 region. The percentage of males with Jacoby's line positioned between L4 spinous process middle 1/3 region and L4-5 interspinous region was 75%. The percentage of females with Jacoby's line positioned in the region between L4-5 spurs was highest (39.6%), followed by 20.8% in L5 spinous process upper 1/3 region and 18.8% in L5 spinous process middle 1/3 region. The percentage of females with Jacoby's line positioned between L4-5 interspinous region and L5 spinous process middle 1/3 region was 79.2% ( Fig. 2 ).
Flexion position
Observation of Jacoby's line in the flexion position was possible in 28 males and 23 females. The percentage of males with Jacoby's line positioned in the 4th and 5th interspinous region was highest (35.7%), followed by 25.0% in L4 spinous process lower 1/3 region and 17.9% in L4 spinous process middle 1/3 region. The percentage of males with Jacoby's line positioned between L4 spinous process middle 1/3 region and L4-5 interspinous region was 78.6%. The percentage of females with Jacoby's line positioned in L4-5 interspinous region was highest (47.8%), followed by 17.4% in L4 spinous process middle 1/3 region and 13.0% in L4 spinous process lower 1/3 region. The percentage of females with Jacoby's line positioned between L4 spinous process middle 1/3 region and L4-5 interspinous region was 78.3% ( Fig. 3 ).
Extension position
Investigation of Jacoby's line in the extension position was possible in 28 males and 23 females. The percentage of males with Jacoby's line positioned in L4 spinous process middle 1/3 region was highest (32.1%), followed by 21.4% in L4-5 interspinous region and 14.2% in L5 spinous process middle 1/3 region. The percentage of males with Jacoby's line positioned between L4-5 spinous pro- cesses middle 1/3 regions was 92.9%. The percentage of females with Jacoby's line positioned in L4-5 interspinous region was highest (43.4%), followed by 21.7% in L5 spinous process middle 1/3 region and 13.0% in L4 spinous process middle 1/3 region. The percentage of females with Jacoby's line positioned between L4-5 spinous processes middle 1/3 regions was 91.3% ( Fig. 4 ). The percentage of males with Jacoby's line positioned in L4 vertebral body lower 1/3 region was highest (28.8%), followed by 23.1% in L4-5 intervertebral region and 21.2% in L5 vertebral body upper 1/3 region. The percentage of males with Jacoby's line positioned between L4 vertebral body middle 1/3 region and L4-5 intervertebral region was 73.1%. The percentage of females with Jacoby's line positioned in L5 vertebral body upper 1/3 region was highest (43.8%), followed by 16.7% each in L4-5 intervertebral region and L5 vertebral body middle 1/3 region. The percentage of females with Jacoby's line positioned between L4-5 intervertebral region and L5 vertebral body middle 1/3 region was 77.2% ( Fig. 5 ).
Flexion position
In males, Jacoby's line was most often observed in L4 vertebral body lower 1/3 region (28.6%) and in L5 vertebral body upper 1/3 region (28.6%), followed by 25% in L4-5 intervertebral region. The percentage of males with Jacoby's line positioned between L4 vertebral body lower 1/3 region and L5 vertebral body upper 1/3 region was 82.1%. The percentage of females with Jacoby's line positioned in L5 vertebral body upper 1/3 region was highest (39.1%), followed by 30.4% in L4-5 intervertebral region and 13.0% in L5 vertebral body middle 1/3 region. The percentage of females with Jacoby's line positioned between L4-5 intervertebral region and L5 vertebral body middle 1/3 region was 82.6% ( Fig. 6 ).
Extension position
The percentage of males with Jacoby's line positioned in L4-5 intervertebral region was highest (39.3%), followed by 26.1% each in L4 vertebral body middle and lower 1/3 regions. The percentage of males with Jacoby's line positioned between L4 vertebral body middle 1/3 region and the 4th and 5th intervertebral region was 82.1%. The percentage of females with Jacoby's line positioned in L5 vertebral body upper 1/3 region was highest (39.1%), followed by 30.4% in L4 vertebral body lower 1/3 region and 26.1% in L4-5 intervertebral region. The percentage of females with Jacoby's line positioned between L4 vertebral body lower 1/ 3 region and L5 vertebral body upper region was 95.7% (Fig. 7) . 
Summary of the results
Height of the spinous process a. In extension position, Jacoby's line was most often observed in L4 spinous process middle 1/3 region in males and in L4-5 interspinous region in females. b. In neutral position, it was in L4 spinous process middle 1/3 region in males and in L4-5 interspinous region in females. c. In flexion position, it was in L4-5 interspinous region in both males and females. 
Sex-difference at the height of the spinous process
The most often observed position of Jacoby's line in the extension and neutral positions was 2 levels lower in females than in males, and it was also 1 or 2 levels lower in females than in males at the height of the vertebral body except in the flexion position. In other words, in the flexion position, there was no gender difference in the most frequently observed position of Jacoby's line.
Discussion
Jacoby's line is considered to be derived from the clinical definition of the iliac intercrestal line described by George W. Jacoby in his papers published in the New York Medical Journal (1899)1,2). In Japan, Jacoby's line was first reported in a paper by Sakae Kida in 1907, in which it was used as the standard for spinal anesthesia with cocaine10). Before the paper by Sakae Kida, Jacoby's line had not been descrived in Japanese literature11). The term ''Jacoby's line'' is currently used in Japan alone, and it no longer appears in books and papers published in the U.S. and Europe.
Jacoby described the iliac intercrestal line as passing through L4 vertebral body10). Based on the results of our present study, we consider it practical and appropriate to describe the position of Jacoby's line in relation to the spinous process because it can be clinically palpated. Furthermore, since there was no gender difference in the most frequently observed position of Jacoby's line in the flexion position, it should be proper to palpate and investigate in flexion position. When the observation of Jacoby's line is performed in the flexion position, it passes from L4 spinous process to L5 spinous process.
We found that there have been several radiographic studies on the position of Jacoby's line4,6 -8,12 -16). In Japan, Matsuo et al. examined 100 subjects (50 male and 50 female) by radiography and reported that Jacoby's line was observed at L4 interspinous region in 43% of the subjects, at L4-5 interspinous region in 26%, and at L5 spinous process region in 24%4,7). Yamane et al. evaluated the relationship between the position of Jacoby's line and the degree of degeneration of lumbar intervertebral disks using plain radiographs of the lumbar vertebrae and MR images, and reported that the degree of degeneration of L4-5 intervertebral disks and L5-S1 intervertebral disks was significantly higher with Jacoby's line on the more caudal side (lower region16)). Kim Subarachnoid puncture is generally performed in the second and third lumbar interspinous region or the third and fourth lumbar interspinous region by palpation of L4 spinous process using Jacoby's line3 -5,17) . In this method, the puncture point is lower than the medullary cone, in which the cauda equina and terminal fila exist.
Matsuo et al. reported that the percentage of Jacoby's lines positioned in the lower 1/3 region of L4 spinous process and L4-5 interspinous region was 56%, but it was 47% in the present study. Render reported that the percentage of Jacoby's lines positioned in L4 spinous process and L4-5 interspinous region was 78.6%, but it was 47% in the present study. The percentage of Jacoby's lines positioned in the central region of L4 vertebra, the position indicated by Jacoby GW, was only 27%, even though the range was widened to the height of the entire L4 vertebral body.
In textbooks, there is no indication of the correct posture for establishing Jacoby's line, and Jacoby's line is said to be positioned in L3-4 intervertebral body region or the region from L4 spinous process to the L4-5 spinous processes. We consider that it is more appropriate to describe the position of Jacoby's line in relation to the lumbar spinous process in the lumbar flexion. In this study, we examined the posture of Jacoby's line in the flexion position, and found that 92% of Jacoby's lines were positioned within G2 levels from L4-5 interspinous region, which is between L4 spinous process middle 1/ 3 region to L5 spinous processs middle 1/3 regions.
In our study, we investigated the heights of the vertebral body and spinous process at which Jacoby's line was positioned, using radiographs of 100 subjects. Previously, we examined the position of Jacoby's line using 60 cadavers for anatomical dissection, and found that it was positioned above the third lumbar vertebra in 2.1% of these cases, and the percentage of cases with the medullary cone located below the third lumbar vertebra was 3.5%15). This indicated that subarachnoid puncture could be performed above the L3-4 intervertebral region if Jacoby's line is used as usual. Most cadavers in anatomical dissection practice are elderly, and based on the findings of Yamane et al. 16) and several other studies4, 6, 12, 14, 15, 18) , movement of Jacoby's line toward the head by degeneration of intervertebral disks and the related lowering of the medullary cone may occur. Therefore, the conventional method for the establishment of Jacoby's line may cause injury of the medullary cone in elderly patients by subarachnoid puncture. It is important to perform subarachnoid puncture in elderly patients at a site lower than the established Jacoby's line.
We could not find in the literature a description of the relationship between height or sitting height and the position of Jacoby's line. In studies using cadavers in anatomical dissection, investigation of the sitting height and lumbar flexion are impossible due to rigor mortis, and investigation of the height is inaccurate, therefore it is difficult to evaluate the relationship between height or sitting height and the position of Jacoby's line due to these physical limitations. Sano described in his book that the variation in position of the spinal cord by motion of spine is 10 mm19), but we could not evaluate this finding in the present study. In the future, it is necessary to perform radiological studies on the movement of the spinal cord, including the position of Jacoby's line.
Conclusions
In this study, we examined the position of Jacoby's line at heights of the vertebral body and spi-nous process in different positions of the lumbar spine using radiographs of 100 subjects.
The position of Jacoby's line was found to vary in different positions of the lumbar spine. Positioning Jacoby's line in the neutral position of the lumbar spine from the body surface, as conventionally proposed, was not always accurate, and it was considered practical to establish Jacoby's line using spinous processes in flexion of the lumbar spine as the standard. When Jacoby's line is established by this method, it is considered to be positioned between middle 1/3 regions of L4 spinous processes and middle 1/3 regions of L5 spinous processes. If Jacoby's line is used as the standard for subarachnoid puncture in elderly patients, the puncture may be performed at a higher position in relation to the spinal cord because of spinal degeneration. Therefore, it is important to perform subarachnoid puncture in elderly patients at a site lower than the established Jacoby's line.
